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ABSTRACT 
Most visual exam findings are taken in the primary gaze posltwn. 
It is unknown whether or not these primary gaze findings truly 
represent visual performance in non-primary gaze positions. Phoria 
and fixation disparity measurements were taken on 40 experimental 
subjects in primary gaze, left and right 33° lateral gazes, and in two 
golf related head postures. It was found that at 4 meters the visual 
system is less flexible and amplitudes of phoria and fixation 
disparity increased in all non-primary gaze situations. These 
findings suggest the need to consider the specific visual performance 
demands of individuals who depend on superior visual skills in non-
primary positions of gaze, such as the athlete. 
KEY WORDS: Fixation Disparity, Phoria, Lateral gaze, Sports visiOn, 
Visual skills 
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INTRODUCTION 
Several studies have been performed utilizing fixation disparity, 
heterophoria, and vergence ranges to predict or treat the binocular status of 
patients.l-4 It can be assumed that it is often best if all of these parameters 
are taken into consideration in the diagnosis of certain visual conditions. A 
possible limitation in using these different measures is that each test is 
usually clinically measured only in the primary position of gaze behind a 
phoroptor. Some investigators have evaluated whether or not these 
measurements vary in different positions of gaze. 
It has been found that the horizontal heterophoria at near does change m 
40 degree elevation and depression of gaze, though there is some concern as 
to whether the extreme gaze position is physiologically and environmentally 
relevant.S In a study preformed by McKee et al.,6 the effects of age and 
vertical head tilt on the phoric posture at near were assessed. They found 
that there were slight changes in the phoria measurements but these were 
not significant except in the younger population. Among the younger 
subjects there was a tendency to show a decrease in exophoria in depressed 
gaze. This change was hypothesized to be due to neck muscle 
proprioreceptive factors which possibly interact with the younger subjects' 
ability to accommodate. Sheni & Remote's findings 7 were somewhat 
different than McKee's in that there was a significant difference in 
convergence limits with a change in position of gaze at 40 em. Sheni & 
Remole found that the greatest range in convergence was in a slightly 
depressed right hand gaze. This was attributed to the fact that a large 
percentage of tasks are done in this quadrant which would conceivably 
increase the ability in that area. 
Given that vergence measures have been shown to vary between primary 
and non-primary gaze positions, one must wonder if the difference has an 
effect on a person's performance during visual tasks. It has been suggested 
that certain individuals, especially athletes, differ in their sensitivity to 
binocular and vergence information.8,9 It has also been suggested that 
superiority in these ocular functions may contribute to the ability of an 
individual to excel in certain tasks.s It can be assumed that how one 
postures the eyes may effect stereolocalization, reaction time, and depth 
perception. These are often critical abilities for athletes. 
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Up to this point the major emphasis in oculomotor postural studies has 
been upon superior and inferior positions of gaze. Sheni & Remole tested 
lateral gaze positions, but only measured convergence limits.7 The purpose 
of this study is to determine if lateral gaze affects vergence posture at 4 
meters, and whether any such effects are significant to an occupation. One 
such occupation or sport will be incorporated by measuring vergence 
postural factors in two golf putting stances. Given what has been previously 
demonstrated at near, the effect of different positions of gaze upon phoric 
and fixation disparity postures in this study are not expected to differ. 
METHODS 
Forty subjects (29 men, 11 women) from Pacific University ranging m age 
from 20 to 33 years with an average age of 25 years participated in the 
study. Prior to actual testing, the subjects were screened for factors that 
might affect test results. The screening included a short questionnaire to 
rule out any visual or medical conditions which might influence oculomotor 
function or binocular vision. Inclusion criteria dictated that all subjects have 
unaided or contact lens compensated visual acuities of 20/20 OU and 
stereopsis of 60 arc seconds. Visual acuities were taken on a standard 
projected Snellen chart at 20 feet and stereopsis was measured using the AO 
vectographic projection slide according to the protocol of the Pacific Sports 
Visual Performance Profile.lO In addition, the preferred eye, hand, and foot 
were determined. 
Phoria and fixation disparity were measured at a 4 meter test distance in 
five different gaze configurations: 
1 . Primary gaze 
2. 33° left gaze 
3. 33° right gaze 
4. While subjects were positioned in a golf putting stance 
with head upright and turned toward the target. 
5. While subjects were positioned in a golf putting stance 
with head tilted and turned toward the target. 
Fixation disparity measurements were taken first using the prototype 
Sheedy distance Disparometer.9 Each subject was fitted with tear-drop 
polarized lenses clipped onto an empty spectacle frame for support. Before 
each measurement, the subjects were alternately occluded to make sure that 
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cancellation of the polarized nomus lines on the Disparometer was complete. 
Two measurements at the primary position of gaze were taken. The subject 
was then instructed to move 33 degrees either right or left, opposite that of 
the former subject, following a radial arc from the center of the target (see 
Figure 1). Again, two measurements were taken at that position. An 
observer stood in front of the subjects during the lateral gaze measurements 
to monitor proper head alignment. The subjects were then moved back to 
center, opposite side, center, same side, center, opposite side, and back to 
center for subsequent measurements. There were a total of 4 measures 
taken centrally, 2 right, and 2 left. 
Phoria measurements were taken next, also at a 4 meter distance m a 
similar manner to that of fixation disparity. However, for ease of 
measurement, the target was moved 33 degrees left and right along a 4 
meter arc for the lateral gaze measurements and the subject remained 
stationary (see Figure 2). The target used was a column of six letters, each 
letter subtending 5 minutes of arc (20/20 visual acuity demand). Phorias 
were measured using two, 62.5 mm diameter Risley prisms. These large 
measuring prisms insured that the field of view was not obstructed during 
lateral gaze. Initial dissociation began with 12 prism diopters BI O.D. and 6 
prism diopters BU O.S. As occurred with fixation disparity testing, two 
measurements at each lateral gaze position were taken yielding a total of 4 
central, 2 left, and 2 right. 
The putting-performance fixation disparity and phoria measurements 
were taken last. The Disparometer was used for the fixation disparity 
measurements, but instead of being performed at eye level the target was 
lowered to approximate a line of sight from eyes to ground of 4.6 meters 
through the target (see Figure 3). With the subject standing perpendicular 
to the target in a putting stance with putter in hand, measurements with the 
head upright and turned were taken initially (see figure 4). As before, 
alternate occlusion with the polarized lenses in place was performed to 
verify total cancellation of the nonius lines on the target. Two separate 
measurements were taken at this position. The subjects were then 
instructed to maintain the same stance, but were asked to turn their head 
along an imaginary line from head of putter to the middle of the target, thus 
producing the tilted and turned head position observed most frequently in 
Forward obse-rver to 
monitor head position. 
~ ~ 
Subject in right later a 1 
gaze position. Two 
me-asureme-1'\ts taker'\. 
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Target is always turned 
perpel'ldicular to gaze 
position. 
Subject in primary gaze 
position. Four total 
measurements taken. 
Forward observer to 
monitor head position. 
~ ~ 
Subject in left lateral 
gaze position. Two 
measurements taken. 
Figur-e 1 : Subject and monitor- positions 
dur-ing fixation dispar-ity measur-ements. 
Target position for left 
lateral gaze. 
Figure 2: Subject and target 
positions during phoria measurements 
Target position for 
primary gaze 
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Target position for right 
lateral gaze. 
During phoria measurements, 
subject remains stationary and 
the target is moved. 
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terget Putting 
stence 
t---------4 Meters-----------1 
t---------------4.6 Meters ----------------1 
Figure 3: Line of sight in the golf putting measurements 
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Tilted & Turned (TT) Upright & Turned (UT) 
Figure 4: Head and eye positions In putting stances 
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golf putting (see Figure 4). The target itself was then tilted until complete 
cancellation of the nonius lines was produced. Two separate measurements 
were taken at this position. 
The putting-performance phoria measurements were taken in a similar 
manner as the fixation disparity measurements. Dissociation was 
accomplished with two 20mm diameter Risley prisms that fit into a trial 
frame. Two separate measurements of phoria with the head tilted and 
turned were taken with the target tilted the same degree as it was for the 
fixation disparity measurements. For the final measurements, the target 
was returned to the upright position and two separate measurements with 
the head upright and turned were taken. 
The multiple measurements of fixation disparity and phoria in the right, 
left, center, and putting stances were compiled to calculate the mean values 
and the range of the measurements for each subject at each gaze position. 
The range was calculated using signed values for phoria and fixation 
disparity. The mean was calculated twice, once with signed values and once 
with absolute values. Mean absolute values were calculated to evaluate 
whether there was an absolute deviation from ortho between the different 
gaze positions. The calculated means and ranges were then compared usmg 
one-way ANOV A. Post-hoc comparisons between conditions were 
accomplished using the Scheffe F-test. 
RESULTS 
The values of the means and the ranges for all conditions were compared 
with the screening data acquired for stereopsis, preferred eye, hand, and 
foot to test for predictive relationships to the fixation disparity and phoria 
measures. It was found that in all stances the screening data showed no 
relationships to the oculomotor measures. Only slight variability in 
stereopsis was found between subjects, therefore, this factor precluded 
meaningful differentiations based upon stereopsis. 
In evaluating the fixation disparity measurements there were significant 
differences found in both the comparisons of the means and ranges (see 
Table 1). Of the mean findings, significant (p<.05) differences were found 
between center and right gaze with the center being a lower value. No 
significant differences in the absolute mean measurements were found. The 
range findings showed significant (p<.05) differences between the primary 
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Mn LEFT CENTER RIGHT UT TT SIGNIFICANCE (p<.05) 
FDmn (arc min.) 1.1 ±2.9 0.1 ±1.9 1.4 ±3.6 0.9 ±2.1 1.1 ±2.1 Cvs R 
FDrng (arc min.) 4.8 ±2.8 5.4 ±2.3 4.4 ±2.7 4.7 ±2.7 3.4 ±2.0 C,L,UT vs TT 
PHmn (p. diopt.) 0.7 ±1.6 0.2 ±2.5 0.7 ±1.7 2.0 ±2.8 1.7 ±2.6 C,R,L vs UT,TT 
PHrng (p. diopt.) 0.9 ±0.6 4.4 ±2.4 1.4 ±0.9 2.2 ±1.4 1. 7 ±1.3 C vs R,L,UT,TT & L vs UT 
AbFDmn (arc min.) 2.7 ±2.1 2.2 ±1.0 2.8 ±3.0 2.3 ±1.8 1.9 ±1.8 None 
AbPHmn (p. diopt.) 1.3 ±1.1 2.4 ±1.3 1.3 ±1.3 2.6 ±2.3 2.5 ±1.9 C vs R,L & R,L vs UT,TT 
Table1: Mean values ± standard dev1at1on. FD=F1xat1on D1spanty, PH=Phona, mn=Mean, rng=Range, 
Ab=Absolute, UT =Upright& Turned, TT =Tilted& Turned. 
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gaze. left gaze. and upright and turned putting stance when compared to the 
tilted and turned putting stance. The primary gaze measurements were 
higher than all the other range values. and the upright and turned putting 
measure was greater than that of the tilted and turned putting stance. 
The phoria measurements showed a greater number of significant 
differences than did the fixation disparity findings (see Table 1). The mean 
phoria comparisons showed significant (p<.05) differences between all gaze 
positions and the putting positions with the primary and Jateral gaze 
positions having the Jower values. The absolute mean phoria values showed 
significance (p<.05) with the primary position having a greater va1ue than 
the two lateral gaze positions, and the two lateral gaze positions having a 
lower value when compared to the two putting positions. The phoria range 
measurements showed significant (p<.05) differences m the primary gaze 
position when compared to all of the other positions of measure with the 
primary gaze position having the higher value. 
When looking at the overall trend of the findings. there was a difference 
found between the mean and the range data (see Figure 5&6). The phoria 
and the fixation disparity mean measurements had smaller values in 
primary gaze than in any of the non-primary gaze positions. Range findings 
for these measures were reversed. The primary gaze position was a higher 
value than any of the non-primary positions. 
The absolute mean findings did not follow the same pattern as the "signed 
value" means with the primary gaze measures being lower for both fixation 
disparity and phoria. There was a trend however. In both phoria and 
fixation disparity measures the absolute mean for the putting positions 
closely followed the magnitude of the primary gaze position (see Figures 
5&6). 
DISCUSSION 
The results of this study reveal differences in oculomotor posture related 
to positions of gaze and specific head postures at 4 meters. The differences 
may be attributed to several factors: Oculomotor stress reducing the 
flexibility of fusional processes, possible proprioceptive factors which 
influence accommodative vergence. and idiosyncrasies of the experimental 
design. 
1 3 
6 
5 
(j) 4 
• LEFT 
L.LJ 
1- II CENTER :::> z 3 II RIGHT ~ 
(.) ~ UT a: 2 0 n <( 
0 
MEAN RANGE Ab MEAN 
Figure 5: Fixation disparity measures 
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a: 
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(f) D TT a: 
a. 
0 
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Figure 6: Phoria measures 
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It seems apparent that as the eyes deviate from the primary position 
there is less flexibility in the binocular system. This is shown by the range 
of the phoria measurements being significantly smaller in the non-primary 
gaze positions than at the primary position. It can be assumed that as stress 
is placed upon the oculomotor system, as in lateral gaze, variability of 
heterophoria becomes inherently less due in part to increased ocular muscle 
tonus producing a more rigid system. 
Difficulty in maintaining binocularity during lateral gaze is reflected m 
the fixation disparity measurements which show increased mean and 
decreased range values. It is reasonable to assume that the outer 
boundaries of Panum's fusional areas are utilized more during lateral gaze to 
reduce stress placed upon the oculomotor system, explaining the increased 
mean values. Likewise, as the borders of Panum's areas are approached 
there would be a lower range of measures expected. Larger values in the 
fixation disparity range for the primary gaze position would be expected due 
to being centered in Panum's area allowing for greater variability of fixation. 
Perhaps this increase in stress with lateral gaze helps explain the difficulty 
found in bifixation with active sinusoidal head rotations about a vertical axis 
demonstrated by Ciuffreda and Hokoda.12 During head movement a person 
would be using lateral gaze positions to maintain fixation on a stationary 
object. These lateral gaze positions would increase the difficulty in 
maintaining binocularity. 
The two putting positions followed the same pattern as the lateral gaze 
when compared to the measurements in primary position. This was curious 
in that there was only slight lateral gaze involved in these two positions. 
McKee et. al. reported, as we do, a reduction in exo posture when the head 
was tilted. 6 Those investigators attributed the change to neck proprioceptor 
activity and possible related influences on accommodation. Proprioceptive 
information could have also caused the changes found in the putting 
positions. 
Patterns found in the data can also be interpreted from the perspective of 
better binocular function in habitual gaze positions. This phenomenon was 
reflected in the lower mean values for both phoria and fixation disparity in 
the primary position compared to non-primary. It is generally believed that 
with visual training, the more one works to develop a visual function, the 
more accurate and easier that function becomes. In everyday life, people 
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tend to use the primary pos1t10n more often than any other positiOn thus 
leading to improved visual skills in that area. These findings follow Sheni 
and Remole's report of increased convergence ranges in a slightly downward 
gaze. Those investigators attributed the increase to the amount of use of this 
area in near visual tasks. 7 
It is conceivable that the changes found in this study were due to the 
limitations of methodology. The authors strived to measure the different 
gaze positions with as little interference as possible but with current testing 
procedures some error might be expected. Prisms in themselves can affect 
the different posturing positions of an individual due to prism adaptation 
effects.2,13 
Fluctuation of accommodation must be considered in phoria and fixation 
disparity testing. Even though accommodative posture was controlled by 
means of an acuity demand of 20/20, there is still the possibility of slight 
changes in accommodation. If there was a change in accommodation there 
would likely be a change in the posture of the eyes affecting the validity of 
the measures. However, to what extent this would affect the validity of the 
pattern of differences found is not certain. 
CONCLUSION 
The results of this study show differences in several oculomotor factors 
between primary and non-primary positions of gaze at 4 meters. These 
differences may be critical to an individual who depends upon superior 
visual skills for his or her livelihood. It has been shown that athletes have 
narrower 6 meter vergence ranges than do non-athletes.l O Perhaps this 
reflects an attempt to make the binocular system more equal throughout the 
different gaze positions thus enabling the athlete to have more stable and 
less variable depth perception and reaction time in any gaze. If it is possible 
to train the visual system in primary position to approximate the lateral 
positions or train the lateral positions to approximate the central values, it is 
logical to assume that performance in certain visual tasks should be 
enhanced. Further studies in this area would yield information of value to 
practitioners involved in vision care of the athlete, and in the care of other 
individuals with occupational demands for non-primary visual gaze 
positions. 
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